REMARKS 

In view of the above amendments and the following remarks, reconsideration and further 
examination are respectfully requested. 

I. Specification and Abstract 

The specification and abstract have been reviewed and revised to improve their English 
grammar. The amendments to the specification and abstract have been incorporated into a 
substitute specification and abstract. Attached are two versions of the substitute specification 

and abstract, a marked-up version showing the revisions, as well as a clean version. No new 
matter has been added. 

II. Allowable Subject Matter 

Claims 3 and 4 were identified by the Examiner as being allowable if rewritten in 
independent form to include all of the limitations of base claim 1 and any intervening claims. In 
addition, claim 5 was identified as containing allowable subject matter. The Apphcants would 
like to thank the Examiner for this indication of allowable subject matter. 

The subject matter of base claim 1 and intervening claim 2 has been incorporated into 
amended claim 3, which was identified as containing allowable subject matter. 

In addition, the subject matter of base claim 1 has been incorporated into amended claim 
4, which was identified as containing allowable subject matter. 

It is also noted that claims 3, 4 and 5 have been amended to make a number of editorial 

revisions thereto. These editorial revisions have been made to place the claims in better U.S. 
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form. Further, these editorial revisions have not been made to narrow the scope of protection of 
the claims, or to address issues related to patentability, and therefore, these amendments should 
not be construed as limiting the scope of equivalents of the claimed features offered by the 
Doctrine of Equivalents. 

Accordingly, in view of the Examiner's indication of allowable subject matter as 
discussed above, it is submitted that amended independent claims 3, 4 and 5 are allowable. 

III. 35 U.S.C. § 102(e) Rejection of Claims 1 and 2 

Claims 1 and 2 were rejected under 35 U.S.C. § 102(e) as being anticipated by Takeda et 
al. (U.S. 6,542,202). This rejection is believed clearly inapplicable to amended independent 
claim 1 and dependent claim 2 for the following reasons. 

Claim 1 has been amended to clarify features of the invention recited therein and to 
further distinguish the present invention from the reference relied upon in the above-mentioned 
rejection. 

Amended independent claim 1 now recites a frame-cyclic noise reduction method 
including detecting an area in which a signal level changes as an image moves and controlling a 
cvcUc amount for the detected area to be different from a cvclic amount for other areas . Takeda 
fails to disclose or suggest the above-mentioned distinguishing features as recited in independent 
claim 1. 

Takeda teaches that a motion detecting circuit 22 calculates an amount of change in 

motion of each pixel of a video signal. Further, Takeda teaches that a coefficient control unit 23 

receives a detected signal level K3 that corresponds to a level of luminance and receives the 
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calculated amount of change from the motion detecting circuit 22 and outputs a filter parameter 
coefficient K4 (see Figs. 10-14 and col. 17, line 66 to col. 18, line 12). 

Thus, in view of the above, it is clear that Takeda teaches calculating an amount of 
motion of each pixel of a video signal, but does not disclose or suggest detecting an area where 
the signal level changes based on image movement, as recited in claim 1. 

In addition, it is apparent that Takeda teaches outputting a filter parameter coefficient 
based on a detected level of luminance and based on the calculated amount of change of a video 
signal, but still fails to disclose or suggest differing a frame cvclic amount in the detected area so 
that the frame cyclic amount in the detected area is different from a frame cyclic amount of 
another area ., as required by claim 1 . 

Therefore, because of the above-mentioned distinctions it is believed clear that 
independent claim 1 and claim 2 that depends therefrom are not anticipated by Takeda. 

Furthermore, there is no disclosure or suggestion in Takeda or elsewhere in the prior art 
of record which would have caused a person of ordinary skill in the art to modify Takeda to 
obtain the invention of independent claim 1 . Accordingly, it is respectfully submitted that 
independent claim 1 and claim 2 that depends therefrom are clearly allowable over the prior art 
of record. 
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IV. Conclusion 



In view of the above amendments and remarks, it is submitted that the present application 
is now in condition for allowance and an early notification thereof is earnestly requested. The 
Examiner is invited to contact the undersigned by telephone to resolve any remaining issues. 

Respectfully submitted, 

Kazuki SAWA 

/Andrew L Dunlap/ 
3y. 2008.09.23 1 5:01 :16 -04'00' 

Andrew L. Dunlap 

Registration No. 60,554 
Attorney for Apphcant 

ALD/led 

Washington, D.C. 20006-1021 

Telephone (202) 721-8200 
Facsimile (202) 721-8250 
September 23, 2008 
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DESCRIPTION 

METHOD AND DEVICE OF FRAME-CYCLIC NOISE REDUCTION 

5 TECHNICAL FIELD 

The present invention relates to a method and device of frame-cychc 
noise reduction employed for an image display device in which one field is 
divided into a plurality of sub-fields, and turned-on sub-fields are properly 
combined to provide image with gradation. 

10 

BACKGROUND ART 

In a multi-leveled gradation display with the use of an image display 
device employing a^two-valued display method, such as a display device with a 
plasma display panel, a sub-field method has conventionally been used. In the 

15 sub-field method, one field is divided into a plurality of sub-fields each of which 
has a predetermined weight of luminance. Gradation display is obtained by 
controlling turn-on/off of cells for each sub-field. For example, to achieve 
256-level gray scale, one field is divided into 8 sub-fields. In this case, weight 
of luminance assigned to each Gub-fiolds sub-field is 1, 2, 4, 8, 16, 32, 64, and 

20 128. When an 8-bit digital signal comes into the device having the 
above- described sub-fields above , each bit of the incoming signal is assigned, in 
the order of the least significant bit, to the eight sub-fields. The 256 levels are 
obtained by turning the cells ON in combinations of the eight sub-fields. The 
luminance provided by the 8 sub-fields are visually accumulated in the eyes, a 

25 viewer sees half tones on the display (for example, see Plasma Display 
Handbook, pp. 165-177, Heiju Uchiike and Shigeo Mikoshiba, Kogyo Chousa 
Kai Shuppan). The arrangement of the eight sub-fields in one field has a 
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specific limitation; the eight sub-fields may be arranged in the order of 
increasing the weight of luminance (hereinafter referred to as an ascending 
coding), as shown in Fig. lA, or in reverse, they may be arranged in the order of 
decreasing the weight of luminance (hereinafter, a descendin g cordin g coding) . 
5 as shown in Fig. IB. 

There have been many suggestions on a method and device capable of 
reducing noise in an image signal to improve an S/N ratio the signal'to-noise 
(S/N) ratio . Such a method and device is also employed for an image display 
device having a plasma display panel (for example, see Japanese Patent 

10 Unexamined Publication No. 2001-36770); in particular, a frame-cyclic noise 
reduction method is well known as being highly effective (see Multidimensional 
Signal Processing for TV Image, p. 190, Takahiko Fukinuki, Nikkan Kogyo 
Shimbun). Generally, image signals have a strong autocorrelation between 
frames, whereas noise components contained in the image signals have no 

15 autocorrelation. Making use of the characteristics above, a frame-cyclic noise 
reduction device averages images by frame to reduce noise. However, a motion 
picture area has a weak autocorrelation between frames; when the averaging 
process is carried out on the motion picture areas, motion picture images 
themselves are also averaged. This introduces a fuzzy image or an after-image 

20 such as "tailing", degrading resolution. To address the problem above, a 
practical frame-cyclic noise reduction device is disclosed in, for example, 
Japanese Patent Unexamined Publication No. H06-225178. Prior to the 
averaging, the device detects a motion picture area from an image signal and 
controls a level of the averaging (hereinafter, a cyclic amount) according to the 

25 amount of movement of the detected area. Fig. 2 is a circuit block diagram 
illustrating a structure of a conventional frame-cyclic noise reduction device. 
The device detects a motion picture area from a differential signal between 
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frames, and determines the cyclic amount according to an amount of movement; 
for a motion picture area, cyclic amount k is determined to be small (O < k < l) 
to suppress an after-image, on the other hand, for a still picture area, cyclic 
amount k is determined to be large to reduce noise. 
5 According to the aforementioned device, however, reducing noise and 

suppressing a fuzzy contour of motion picture are in a trade-off relation. 
Therefore, it has been difficult to simultaneously improve both above' noise 
reduction and fuzziness suppressing since noise reduction has is often been 
traded off for suppressed fuzziness in a motion picture area, or vice versa. 

10 In addition, an image display device employing the sub-field method 

often causes inconveniencies; a viewer often sees a disturbance in gradation 
display when the eyes follow movement of an image, which is known as 
dynamic false contour. As another phenomenon, the edge portion of an image 
becomes blurred (hereinafter the phenomenon is referred to as sub-field 

15 fuzziness). For example, Japanese Patent Unexamined Publication No. 
2002-229504 addresses the problems above. 

Here will be described how the sub-field fuzziness occurs. Fig. 3 shows 

the turned-on state, with the passage of time, of the sub-fields arranged in the 
ascending coding of Fig. lA, and distribution of visual intensity on the retina of 

20 human eyes. When pixels A through E represent gray level 63, as shown in 
Fig. 3, pixels A through E turn on at the sub-fields having weight of luminance 
of 1, 2, 4, 8, 16, and 32. When the screen shows a still picture, a viewer see 
sees the picture with the a line of sight that is f ixed, and therefore the 
luminance generated by the sub-fields having the weights of 1, 2, 4, 8, 16, and 

25 32 is accumulated onto a same position on the retina of the eyes. As a result, 
the viewer recognizes the image with a uniform visual intensity. On the other 
hand, when the screen shows a motion picture that is moving toward left, as 
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shown in Fig. 4, the viewer's eyes follow the movement, moving the line of sight 
toward lof t to the left . At this time, the luminance given from the sub-fields is 
diagonally accumulated on the retina, as shown in Fig. 4. This causes 
variations in visual intensity, providing the motion picture with a fuzzy edge, 
5 that is, inviting a poor resolution in the edge portion of motion pictures. This 
is the sub-field fuzziness mentioned above, which often occurs, regardless of the 
ascending coding, descending coding, or any other arrangements of the 
sub-fields, in an image display device employing the sub-field system. 

When a viewer watches a motion picture shown on the display device, the 

10 motion picture and movement of the line of sight generally have a strong 
correlation; hereinafter the description will be given on the assumption that the 
line of sight follows the moving direction of the motion picture on the screen. 

The sub-field fuzziness occurs, as described above, at a sharp edge 
portion in a display area. Actually, when a motion picture, for example, shot 

15 by a TV camera is shown on the screen, the edge portion of the motion picture 
area often becomes blurred. In this case, when the sub-fields are arranged in 
the ascending coding, as shown in Fig. 5, the sub-field fuzziness observed at an 
edge portion of the motion picture area on the side where the gradation level is 
reducing along the moving direction is noticeably getting worse, compared to 

20 the blurred edge of the original image. In contrast, when the sub-fields are 
arranged in the descending coding, as shown in Fig. 6, the sub-field fuzziness 
observed at an edge portion of the motion picture area on the side where the 
gradation level is increasing along the moving direction is noticeably getting 
worse, compared to the blurred edge of the original image. Furthermore, the 

25 sub-field fuzziness observed in the motion picture area is more conspicuous, 
when the edge portion of the original input image is badly blurred, or when the 
motion picture moves at a higher speed. Such a sub-field fuzziness persists 
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regardless of the ascending coding, descending coding, or any other 
arrangements of the sub-fields. 

In the noise reduction with the use of the aforementioned frame-cyclic 
noise reduction device, a blurred edge portion of a motion picture area has often 
5 amplified the sub-field fuzziness, resulting in deterioration in image quality. 

The present invention addresses the problems above. It is therefore the 
object of the invention to provide an improved method and device of frame-cyclic 
noise reduction, which onablos to prevent prevents t he sub-field fuzziness from 
becoming worse and, at the same time, te-effectively reduce reduces noise. 

10 

DISCLOSURE OF THE INVENTION 

To achieve the object above, the present invention provides a frame-cyclic 
noise reduction method used for an image display device in which one field is 
divided into a plurality of sub-fields, and turned-on sub-fields are properly 
15 combined to provide image with gradation. The device emploj^Lng the noise 
reduction method detects an area in which an image has a badly blurred edge 
portion, i.e., a serious sub-field fuzziness is expected, and determines a cyclic 
amount for the detected area to be different from that for other areas. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows examples of arrangement of the sub-fields in the sub-field 
method. 

Fig. 2 is a circuit block diagram of a conventional frame-cyclic noise 
reduction device. 

25 Fig. 3 shows a turned-on state of predetermined sub-fields in a still 

picture display and distribution of visible intensity on the retina of the eyes 
when a viewer sees the still picture. 
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Fig. 4 shows a turned-on state of predetermined sub-fields in a motion 
picture display and distribution of visible intensity on the retina of the eyes 
when a viewer sees the motion picture. 

Fig. 5 illustrates fuzziness observed at an edge portion of a motion 
5 picture area when the sub-fields are arranged in an ascending coding. 

Fig. 6 illustrates fuzziness observed at an edge portion of a motion 
picture area when the sub-fields are arranged in a descending coding. 

Fig. 7 is a circuit block diagram of a frame-cyclic noise reduction device of 
an embodiment of the present invention. 
10 Fig. 8 is a circuit block diagram of a movement amount detector of the 

frame-cyclic noise reduction device. 

Fig. 9 is a circuit block diagram of a luminance change area detector of 
the frame-cyclic noise reduction device. 

Fig. 10 shows input/output characteristics of the coring section of the 
15 frame-cyclic noise reduction device. 

Fig. 11 shows an example of an input image. 

Fig. 12 shows signals fed from each section of the device in response to an 
input image signal. 

Fig. 13 shows signals at each section of the device in response to an input 
20 image signal. 

Fig. 14 is a circuit block diagram of a cyclic amount determining section 
of the frame-cyclic noise reduction device. 

Fig. 15 shows the relation between a movement amount and a cyclic 
amount of the frame-cyclic noise reduction device. 
25 Fig. 16 shows signals at each section of the device in response to an input 

image signal. 
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DETAILED DESCRIPTION OF CARRYING OUT OF THE INVENTION 

An exemplary embodiment of the present invention is described 
hereinafter with reference to the accompanjn-ng drawings. 

5 EXEMPLARY EMBODIMENT 

Fig. 7 is a circuit block diagram of a frame-cyclic noise reduction device of 
an embodiment of the present invention. The device contains frame memory 
10; differential value calculator 20; movement (moving) amount detector 30; 
luminance change area detector 40; cyclic amount determining section 50; 

10 multipliers 60, 70; and adder 80. 

Differential value calculator 20 calculates the difference between a 
current-frame image signal and a one-frame-before image signal, and then 
outputs the differential value as a differential signal to movement amount 
detector 30 and luminance change area detector 40. Receiving the differential 

15 signal, movement amount detector 30 determines a movement amount in a 
motion picture area of an image, and outputs the movement amount as a 
movement amount signal to cyclic amount determining section 50. On the 
other hand, luminance change area detector 40 detects an image area where 
the differential signal takes the positive sign, that is, the area in which a signal 

20 level decreases as an image moves (hereinafter referred to as a decreasing 
luminance change area) and an image area where the differential signal takes 
the negative sign, that is, the area in which the signal level increases as the 
image moves (hereinafter, increasing luminance change area). After detecting, 
luminance change area detector 40 selects either one of the decreasing 

25 luminance change area and the increasing luminance change area according to 
the arrangement of the sub-fields, and then outputs a luminance change signal 
corresponding to the selected change area to cyclic amount determining section 
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50. 

According to the movement amount signal fed from detector 30 and the 
luminance change signal fed from detector 40, cyclic amount determining 
section 50 determines cyclic amount k and outputs it to multipliers 60 and 70. 
5 Cyclic amount k (O < k < l) represents the degree of time- averaging image 
signals by frame period. That is, when k takes 0, image signals have no 
time-averaging; when k takes a larger value, the degree of time- averaging 
become higher. The larger cyclic amount k, the higher effect of noise reduction 
is expected; but in contrast, the likelier sub-field fuzziness occurs. 

10 Multiplier 60 multiplies an input image signal, i.e., the current-frame 

image signal by multiplier factor (l — k). Multiplier 70 multiplies the output 
from frame memory 10, i.e., the one-frame-before image signal by cyclic amount 
k. Adder 80 adds the outputs from multipliers 60 and 70 and outputs it as an 
output image signal. The output from adder 80 is stored in frame memory 10 

15 for the process of the next frame. 

Fig. 8 is a circuit block diagram of movement amount detector 30. 
Receiving a differential signal from differential value calculator 20, absolute 
value calculator 31 calculates the absolute value of the signal and outputs it as 
an absolute signal. Low-pass filter 32 provides the absolute signal with 

20 smoothing. The smoothing process suppresses noise included in the signal to 
prevent a movement amount from becoming too large due to the noise. For 
example, a median filter can be employed for the smoothing process. 

Fig. 9 is a circuit block diagram of luminance change area detector 40. 
Receiving the differential signal, luminance change area detector 40 detects an 

25 area in which sub-field fuzziness can become worse. Coring section 41 is 
responsible for cutting off noise in the differential signal. Fig. 10 shows 
characteristics of coring section 41. According to the amplitude of noise to be 
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cut off, threshold TH is properly controlled. 

Coring section 41 cuts off a lowamplitude component of the differential 
signal and passes it to low-pass filter 42. Receiving the signal, low-pass filter 
42 provides it with the smoothing process. Low-pass filter 42 is disposed so 
5 that the luminance change area to be detected with a margin on the greater 
side. Sign determining section 43 detects the sign of the smoothing-processed 
signal and outputs it as a sign signal to luminance change area determining 
section 44. Receiving the sign signal, luminance change area determining 
section 44 determines, according to the arrangement of the sub-fields, an area 

10 in which sub-field fuzziness can become worse, and outputs the result as a 
luminance change signal to cyclic amount determining section 50. 

Next will be specifically described how luminance change area detector 
40 works with reference to a motion picture as an example. Fig. 11 shows Figs. 
IIA and IIB show an input image. For example. Fig. IIA shows a motion 

15 picture in which a bright object (the signal level is not zero) moves on the left 
against a dark background (the signal level is zero). Fig. 12 shows the signals 
for one line at each section of the frame-cyclic noise reduction device of the 
embodiment when the input image of Fig. -H ^llA, for example, comes into the 
device; more specifically, they are a current-frame image signal; a 

20 one-frame-before image signal, and a differential signal that represents 
difference between the current-frame image signal and the one-frame-before 
image signal. The diagonally shaded areas in Fig. 12 are the area in which the 
differential signal takes the positive sign, i.e., the decreasing luminance change 
area in which the signal level decreases as an image moves; and the differential 

25 signal takes the negative sign, i.e., the increasing luminance change area in 
which the signal level increases as an image moves. 

When the sub-fields are arranged in the ascending coding, luminance 
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change area determining section 44 determines the area in which the 
differential signal takes the positive sign — ^the decreasing luminance change 
area — to be the area where sub-field fuzziness becomes worse, and then outputs 
the luminance change signal corresponding to the area. On the other hand, 
5 when the sub-fields are arranged in the descending coding, luminance change 
area determining section 44 determines the area in which the differential signal 
takes the negative sign — ^the increasing luminance change area — to be the area 
where sub-field fuzziness becomes worse. 

When the influence of noise is counted out, still pictures have a strong 

10 autocorrelation between frames, as described earlier. The area in which the 
differential signal is not zero is the area having movement of images, i.e., the 
area where sub-field fuzziness can become worse. Furthermore, judging from 
the sign that the differential signal takes, the device determines the area in 
which sub-field fuzziness can become worse. When receiving the input image, 

15 as shown in Fig. IIB, in which a dark object moves against a bright background, 
the device enables to detect, from the differential signal and its sign, an area in 
which sub-field fuzziness can become worse. Fig. 13 shows the signals for one 
line at each section of the frame-cyclic noise reduction device of the embodiment 
when the input image of Fig. IIB comes into the device. 

20 The arrangement of sub-fields is not limited to the ascending coding or 

the descending coding. Therefore, both the decreasing luminance change area 
and the increasing luminance change area can be counted in the luminance 
change area where sub-field fuzziness becomes worse. 

Next will be described the structure and workings of cyclic amount 

25 determining section 50. In conventional frame-cyclic noise reduction, cyclic 
amount k is determined according to the magnitude of a movement amount. 
According to cyclic amount determining section 50 of the embodiment, cyclic 
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amount k is also determined in a manner that cyclic amount k decreases as the 
movement amount increases. However, the noise reduction of the embodiment 
differs from the conventional method in that the target area in which sub-field 
fuzziness can become worse is detected by the luminance change signal, and the 
5 cyclic amount for the target area is differently defined from that for other areas. 
Fig. 14 is a circuit block diagram of cyclic amount determining section 50. 
Cyclic amount determining section 50 has translation tables LUTA 51 and 
LUTB 52, and selector 53. LUTA 51 and LUTB 52 are the movement-to-cyclic 
amount translation tables for areas other than the luminance change area, and 

10 for the luminance change area, respectively. Selector 53 selects one of the 
outputs from LUTA 51 and LUTB 52 according to the luminance change signal. 
Fig. 15 shows the characteristics of translation tables LUTA 51 and LUTB 52. 
When detecting the image signal that represents the luminance change area, 
selector 53 finds a cyclic amount from LUTB 52; otherwise, finds a cyclic 

15 amount from LUTA 51, and outputs the cyclic amount as cyclic amount signal 
k. 

Fig. 16 shows the signals for one line at each section of the device of the 
embodiment when the input image shown in Fig. IIA. The signals are a 
current-frame image signal, a one-frame-before image signal, and a differential 

20 signal corresponding to the motion picture, where a bright object moves on the 
left against a dark background and, at the edge portion, sub-field fuzziness 
occurs. In Fig. 16, the broken line indicated by (LUTA) represents the image 
signal that has undergone frame- cyclic noise reduction using table LUTA; 
similarly, the broken line indicated by (LUTB) represents the image signal 

25 processed using table LUTB. 

When the sub-fields are arranged in the ascending coding, the area in 
which sub-field fuzziness can become worse, i.e., the luminance change area is 
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the left-side edge portion where the differential signal takes the positive sign. 
To avoid sub-field fuzziness from becoming worse, the left-side edge potion 
needs to have a sharp edge. The device determines cyclic amount k for the 
luminance change area to be smaller than that for other areas. The cyclic 
5 amounts given from table LUTB is, as shown in Fig. 15, smaller than those 
from table LUTA. Therefore, cyclic amount determining section 50 selects 
table LUTB when receiving an image signal corresponding to the luminance 
change area; otherwise, selects table LUTA. 

As for the area where sub-field fuzziness can become worse, the device of 

10 the embodiment, as described above, determines the cyclic amount to be smaller, 
thereby preventing image quality from being deteriorated. On the other hand, 
as for other areas, the device determines the cyclic amount to be larger, thereby 
providing sufficient noise reduction effect. 

Although the embodiment introduces two translation tables having 

15 different characteristics shown in Fig. 15, the cyclic amount is necessarily 
determined by them; determining the cyclic amount for the luminance change 
area to be equal to, or smaller than that for other areas can obtain the same 
effect. 

The noise reduction device of the embodiment detects an area in which 
20 sub-field fuzziness can become worse as the luminance change area and 
controls cyclic amount k corresponding to movement in the image, thereby 
suppressing the sub-field fuzziness in the area. In this way, the device can 
suppresses sub-field fuzziness in the luminance change area; on the other hand, 
the device can maintain a sufficient noise reduction effect in other areas. 
25 The present invention can thus provide a method and device capable of 

not only preventing sub-field fuzziness from becoming worse, but also 
decreasing noise. 
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INDUSTRIAL APPLICABILITY 

The frame-cyclic noise reduction method and device of the present 
invention can not only prevent sub-field fuzziness from becoming worse, but 
also decreasing noise. The method and device is effective in applying for an 
image display device in which one field is divided into a plurality of sub-fields 
and turned-on sub-fields are properly combined to provide image with 
gradation. 
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ABSTRACT 

DiGcloGod horo is a A -frame-cyclic noise reduction device omplovod for of 
an image display device^ in which one field is divided into a plurality of 
5 sub-fields, and turned-on sub-fields are properly combined to provide an image 
with gradation. The noise reduction device detects an area where an edge 
portion of an image becomes unclear, i.e., where sub-field fuzziness becomes 
worse, and controls a cyclic amount for the area in which sub-field fuzziness 
becomes worse so as to be different from that for other another area, thereby 
10 decreasing noise. 



